Dendritic cell (DC)-based anticancer vaccines have been shown to induce tumor-specific immune responses in a wide range of experimental settings as well as in multiple clinical trials.[@R1]^,^[@R2] The administration of DCs to tumor-bearing hosts can potentially deliver tumor-associated antigens (TAAs) to lymphoid tissues and activate antigen-specific CD4^+^ and CD8^+^ T cells that are capable of homing to neoplastic lesions and exert potent effector functions. However, the results of early clinical trials testing DC-based anticancer vaccines have not entirely fulfilled general expectations. Thus, various strategies have been devised to improve the efficiency of DC-based vaccination, including approaches to optimize the capacity of injected DCs to present TAAs and deliver T-cell co-stimulatory signals, resulting in the robust priming of TAA-specific CD8^+^ T cells.[@R1] Of note, the molecular mechanisms that program DCs to induce diverse types of immune responses, ranging from antigen-specific tolerance to the development of different TH lineages, are not properly understood, potentially hindering the development of efficient DC-based anticancer vaccines. In addition, the differentiation of DCs from monocytic precursors is relatively little studied and therefore it remains questionable whether the culture systems historically established and widely used for in vitro DC differentiation are truly adequate to set the stage for potent antitumor response.

We and others have previously shown that at least two co-existing DC subsets, namely CD1a^+^CD14^−^ and CD1a^−^CD14^+^ DCs can develop within the same culture.[@R3]^,^[@R4] Although different DC precursors and culture conditions were used in these studies, unique functional abilities have been associated with CD1a^+^ and CD1a^−^ DCs. In particular, the CD1a^+^CD14^−^ DC subset appeared to be superior to its CD1a^−^CD14^+^ counterpart in inducing T~H~1 polarization[@R3] and cytotoxic T lymphocyte (CTL) activity.[@R4] Importantly, the CD1a^+^/CD1a^−^ DC ratio varied greatly among blood donors,[@R3] raising the possibility that either endogenous features of monocytic precursors or subtle differences in cell culture conditions would strongly influence the development of CD1a^+^ vs. CD1a^−^ DCs. Such variability in the composition of DC preparations may impact on the efficacy of DC-based vaccines. In particular, limited T~H~1 responses would be expected in patients who are immunized with preparation containing mainly CD1a^−^ DCs.

We have recently identified a potent autocrine pathway that operate on developing DCs and provide a surprising contribution to the phenotypic and functional heterogeneity of monocyte-derived DCs.[@R5] We demonstrated that lactic acid, an abundant product of aerobic glycolysis, accumulates in dense DC cultures and induces a powerful anti-inflammatory differentiation program. Indeed, high cell culture densities (2 x 10^6^ monocytes/mL) resulted in the development of a mixture of CD1a^+^CD14^−^CD209^+^ and CD1a^−^CD14^+^CD209^+^ DCs that produced high levels of interleukin (IL)-10 but no pro-inflammatory cytokines upon Toll-like receptor (TLR) stimulation. In addition, the DCs developing in dense cultures exhibited defective migratory responses to the lymphoid tissue-derived chemotactic agent chemokine (C-C motif) ligand 19 (CCL19) and remained uncommitted to DC functions, as demonstrated by their trans-differentiation to osteoclasts. By decreasing culture density to 0.5--1 x 10^6^ monocytes/mL, we mainly obtained CD1a^+^CD14^−^ DCs, which produced modest levels of both IL-10 and pro-inflammatory cytokines upon activation. Conversely, the further dilution of cell cultures (0.125--0.25 x 10^6^ monocytes/mL) primed DCs to produce very high levels of IL-12, IL-23 and tumor necrosis factor α (TNFα) upon activation (but no IL-10), and these cells were easily mobilized by CCL19 ([**Fig. 1**](#F1){ref-type="fig"}). These DCs obtained their functional polarization already in the first 1--2 d of culture, and changing the culture density later did not influence their cytokine secretion profile.

![**Figure 1.** Rewiring dendritic cell differentiation upon the accumulation of lactic acid. Monocyte-derived dendritic cells (DCs) developing in sparse monocytic cultures show a superior ability to produce pro-inflammatory cytokines, to elicit T~H~1 responses and to migrate toward the lymphoid tissue-derived chemotactic agent chemokine (C-C motif) ligand 19 (CCL19). On the contrary, DCs differentiating in dense cultures produce interleukin (IL)-10 but no pro-inflammatory cytokines upon activation. In addition, DCs originating in dense cultures maintain a relatively high plasticity and can trans-differentiate to osteoclasts. A key role for lactic acid in rewiring DC functions was demonstrated by interfering with lactic acid production in dense cultures, which increased IL-12 and decreased IL-10 production, and by adding lactic acid to sparse cultures, which resulted in opposite effects. CCR7, chemokine (C-C motif) receptor 7; TNFα, tumor necrosis factor α.](onci-2-e26744-g1){#F1}

Interfering with glycolytic energy production during the early stages of differentiation increased IL-12 and decreased IL-10 production by DCs developing in dense cultures, whereas lactic acid added to sparse cultures resulted in the opposite effect, indicating a key role of this glycolytic product in the control of DC differentiation.[@R5] High levels of lactic acid in dense monocyte cultures induced an anti-inflammatory program in developing DCs resembling the one previously attributed to lactic acid released by malignant cells within the tumor microenvironment, which contributes to the non-inflammatory profile of tumor-infiltrating DCs.[@R6]

The capacity of cell culture density and lactic acid to influence the functional polarization of DCs may have significant implication for DC research and DC-based therapies. First, the culture density chosen by investigators will largely determine how DCs behave in different experimental settings, rendering the results of studies based on DCs generated in vitro highly context-dependent. DCs obtained from dense monocytic cultures, for example, may not respond to anti-inflammatory interventions with a reduced production of pro-inflammatory cytokines, as these cells already secrete very little of such cytokines. Conversely, DCs from sparse cultures may be particularly sensitive to anti-inflammatory interventions, as these cells are primed to produce high levels of IL-12, IL-23, and TNFα in baseline conditions.[@R5]

To understand the relevance of our findings for DC-based therapies it will be essential to clarify whether DCs generated in dense or sparse cultures maintain their functional polarization in vivo. If so, DCs not exposed to lactic acid during development might be superior to induce inflammation, T~H~1 polarization and CTL responses as well as to deliver TAAs to lymphoid tissues. On the other hand, DCs developing in dense cultures may exert robust immunosuppressive effects, due to their capacity to produce high levels of IL-10. If DCs developing in dense or sparse cultures can indeed induce different types of immune responses in vivo, it will be important to clarify whether the efficacy of current DC-based vaccines is influenced by such a density-dependent mechanism. As sparse cultures are costly, most laboratories might be prone to choose cell culture densities that are suboptimal to generate DCs that migrate to lymph nodes, secrete pro-inflammatory cytokines and elicit T~H~1 responses. However, avoiding the anti-inflammatory effects of lactic acid by diluting monocyte cultures might represent a remarkably simple and efficient means of boosting the ability of DCs to induce antitumor immune responses.
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